The aim of the present study was to investigate the effect of selenium and zinc supplementation on thyroid hormones (THs) 
INTRODUCTION
Thyroid diseases are more common in females than in males (Garber, et al., 2012). These diseases are either due to thyroid gland over activity resulting in hyperthyroidism or under activity resulting in hypothyroidism (HT) Hypothyroidism is a common disorder of the endocrine system in which the thyroid gland does not produce enough TH. Hypothyroidism characterized by a reduction in metabolic rate which results in adverse effect on many organs and system activities (Golden et al., 2009). Hypothyroidism subjects diagnoses with biochemical parameters of thyroxine (T4) and triiodothyronine (T3) levels are low and thyroid-stimulating hormone (TSH) levels are high (Dons, et al., 2009). Normal thyroid status is dependent on the presence of many trace elements [iodine, zinc (Zn) , selenium (Se), copper and iron] for both the synthesis and metabolism of TH. Deficiency of these can result in HT (Betsy, et al., 2013) .
Selenium is probably the next most important mineral (after iodine) affecting thyroid function. Selenium also plays an important role in the control of THs metabolism. The enzyme responsible for
Induction of Hypothyroidism in Rats:
Hypothyroidism was induced in normal healthy adult male rats according to Sener, et al., (2006) using PTU (10 mg/kg BW/day by intraperitoneal (I.P) for 15 day). PTU injections were repeated once daily. Then, blood samples were obtained from eyes by capillary tube, centrifuged to obtain serum, which was analysed to compare the values of serum FT3, FT4 and TSH to the negative control rats. Hypothyroidism is defined as lower serum FT3, FT4 and higher TSH (Dons, et al., 2009).
Diet Composition and Experimental Animal Design:
The basal diet was formulated according to AIN-93M diet. Mineral mixture consisted of the recommended concentrations of elements for AIN-93M diet according to Reeves, et al., (1993) . Sodium selenate was dissolved in distilled water before supplementation and was administrated with the basal diet in circular tiny amounts. After adaptation, rats were divided into two main groups as follows: The first main group (6 rats) was fed on basal diet and served as a negative control group (-ve) . The second main group (42 rats with hypothyroidism) was divided into seven subgroups (6 rats each) as follows: Subgroup (1) was fed on basal diet and served as a positive control group. Subgroup (2) was fed on basal diet supplemented with 0.05 mg sodium selenate /kg diet. Subgroup (3) was fed on basal diet supplemented with 0.18 mg sodium selenate /kg diet. Subgroup (4) was fed on basal diet supplemented with 5 mg zinc carbonate/kg diet. Subgroup (5) was fed on basal diet supplemented with 10 mg zinc carbonate / kg diet. Subgroup (6) was fed on basal diet supplemented with a mixture of 0.05 mg sodium selenate and 5 mg zinc carbonate/kg diet. Subgroup (7) was fed on basal diet supplemented with a mixture of 0.18 mg sodium selenate and 10 mg zinc carbonate/kg diet. At the end of the experimental period (6 weeks), rats were sacrificed and blood samples were collected then centrifuged to separate the serum and kept frozen at -20 ο C till analysis.
Biological Evaluation:
Thyroid gland was removed from each rat, cleaned by a normal saline solution (0.9 %), dried by filtration paper and weighed. Thyroid gland weight was expressed as (mg/100 g BW).
Biochemical Analysis of Serum:
Free thyroxin (FT4), total T4, free triiodothyronine (FT3), total T3 and TSH hormones were measured in serum using ELISA assay method according to manufacturer's instruction (Rat FT4 ELISA Kit) ; (T4 rat ELISA, Catalog CSB-E05082r); (Rat FT3 ELISA Kit) ; (T3 rat ELISA, Catalog KA0925) and (TSH rat ELISA, 2012) . This assay employs the competitive inhibition enzyme immunoassay technique. A polyclonal antibody specific for rat thyroid
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hormone has been pre-coated onto a microplate. Glutathione peroxidase (GPx) concentration was determined according to the method of Rotruck, et al., (1980) . Selenium and zinc concentration were determined in serum using Atomic absorption spectroscopy (AAS) according to Sanders, (2015) for Se and Jian-Xin, (2010) for Zn.
Histopathological Examination:
For histopathological study, the front of the necks of rats was dissected to extract the thyroid gland. The organ was immersed immediately in 10% neutral buffered formalin pH 7.4 (Gamble, 2008). Photographs were taken using light microscope provided with digital camera. The histopathological examination was carried out at Pathology Department, Faculty of Veterinary Medicine, and Cairo University.
Statistical Analysis:
The obtained data were statistically analyzed for significance using one-way analysis of variance "ANOVA". Computer Software system SPSS (Ver. 19) (SPSS, 1998) was used for these calculations. Results were expressed as mean ± SE at P ≤ 0.05significancy.
RESULTS
The present work was designed to evaluate the possible effect of selenium and/or zinc supplementation in the diet at two levels on thyroid hormones, GPx in experimentally induced hypothyroidism of adult male rats. Results illustrated in Table ( 1) indicate the effect of diet supplemented with Se and/or Zn on thyroid gland relative weight (mg/100g BW) of HT rats. The thyroid gland weight of the HT rats was significantly enlarged (P ≤ 0.05) compared with the (-ve) control group representing 17.06±0.48 mg/100g BW vs. 7.56±0.41 mg/100g BW, respectively. Rats ingested the tested diets containing the lowest level of either Se or Zn, had non-significant differences in thyroid gland weight compared with HT rats. Furthermore, diet supplemented with the highest level of either Se or Zn and their combination caused significant (P ≤ 0.05) reduction in thyroid gland weight compared with the HT group (positive control). There were non-significant differences between these groups. It could be concluded that the combination of Se and Zn at the highest levels was the most effective level in the diet which gave the best reduction in the enlarged thyroid gland weight. Mean values are expressed as means ± SE. Means with different superscript letters in the column are significantly different at P ≤ 0.05.
Results of serum thyroid hormone profile are illustrated in Table ( 2). Both of FT4 and FT3 concentration in serum were significantly (P ≤ 0.05) decreased as a result of PTU injection compared with the (-ve) control group. Furthermore, both of FT4 and FT3 serum concentration in HT rats were significantly (P ≤ 0.05) increased following the administration of the different levels of either Se and/or Zn compared with the positive control group. Results showed that, there were no significant differences in the levels of FT4 and FT3 between the different levels of either Se and Zn. The results revealed that, the most pronounced increase of serum concentration of FT4 and FT3 was observed when rats were fed on diet supplemented with the combination of Se and Zn. Results showed the same trend in both of serum concentration of FT4 and FT3.
Regarding to TSH results, serum level of TSH was significantly (P ≤ 0.05) increased in the hypothyroid rats compared to the (-ve) control group which representing 6.44±1.33 ng/ml vs. 1.58±0.09 ng/ml, respectively. Administration of Se and/or Zn in the diet at the two levels of intake to HT rats resulted in a significant (p ≤ 0.05) reduction in TSH levels compared to the positive control group. It was observed that, there were no significant differences in TSH level in groups fed on either Se and/or Zn at the two levels of intake. It could be concluded that the two combination levels of Se and Zn provide the most effective levels in the diet which gave the best results concerning the concentration of TSH in serum.
Both of TT3 and TT4 concentration in serum were significantly (P ≤ 0.05) decreased in the positive control group compared to the negative control group. Moreover, the highest level of either Se or Zn was significantly (P ≤ 0.05) increased the mean value of serum TT3 concentration compared to the positive control group. Furthermore, the two combination levels of Se and Zn at the lower and high levels were significantly (P ≤ 0.05) increased serum TT3 concentration as compared to the positive control group. Administration with either Se and/or Zn at the lowest and high levels in the diet to HT rats resulted in significant increase in serum TT4 levels as compared to the positive control group. It was shown that, the highest combination levels of Se and Zn was the most effective level in the diet which gave the best results in the serum concentration of both TT3 and TT4 compared with the negative control group.
Administration of Se and/or Zn in the diet at the two tested levels to HT rats caused an improving in the hypothyroid status as related to increasing the concentration of FT4, FT3 levels and decreasing the level of TSH. Mean values are expressed as means ± SE. Means with different superscript letters in the column are significantly different at P ≤ 0.05. Table ( 3) illustrates the serum trace elements concentration of Se and Zn in experimental hypothyroid rats. PTU injection caused a significant reduction in the serum concentration of both Se and Zn compared with the (-ve) control group. When diet was supplemented with the two levels of Se intake, no significant differences were recorded in serum Zn concentration compared to the control positive group. Furthermore, the highest level of Zn intake was significantly (P ≤ 0.05) increased the mean value of serum Se concentration as compared to the control positive group, although the low level of Zn intake caused non-significant differences compared to the control positive group. When diet was supplemented with the two combination levels of Se and Zn, there was a significant increase in serum concentration of both Se and Zn as compared with the control positive group. Mean values are expressed as means ± SE. Means with different superscript letters in the column are significantly different at P ≤ 0.05.
Results of serum glutathione peroxidase enzyme of hypothyroid rats are illustrated in Table ( 3). The mean GPx concentration of the HT control rats was significantly decreased as compared to the (-ve) control group. In addition, the GPx concentration of hypothyroid rats administered the tested diets containing the two levels of Se and/or Zn of intake were significantly (P ≤ 0.05) increased as compared to the positive control group. Furthermore, the highest level of either Se or Zn or their highest combination levels of intake were significantly (P ≤ 0.05) increased serum GPx concentration compared to the lowest level of both of them. The GPx concentration in serum of rats fed on the highest combination levels of Se and Zn showed the best results among all tasted groups compared to the (-ve) control group. It could be concluded that, administration of Se and/or Zn in the diet at the two tested levels to hypothyroid rats increased the concentration of both Se and Zn antioxidants. Results in increasing antioxidant biomarker level which representing in GPx concentration.
Histopathological Examination of Thyroid Gland
Microscopically, thyroid gland of the (-ve) control rats fed on basal diet revealed normal histopathological structure of thyroid gland (Photo1). Meanwhile, thyroid gland of rat from control positive group (HT rats) showed obvious changes such as enlarged and dilated thyroid follicles lined with flattened epithelium and congested capilleries (Photo 2). This study demonstrated that PTU exerted harmful effects on the histopathological structure and the function of the thyroid gland (hypothyroidism). Thyroid gland of the HT group fed on diet supplemented with low Se level (Photo 3) revealed changes in the thyroid gland tissue including congested capilleries. Also, the hypothyroid group fed on diet supplemented with high Se level (Photo 4) revealed dilatation and congestion of blood vessels. Moreover, hypothyroid group fed on diet supplemented with rats fed on Zn at low or high levels (Photo 5) showed dilated follicles with congested capilleries. Interestingly, administration of Se and Zn at the two combination levels of intake (Photo 6) caused improving in hypothyroid status. These related to show significant decrease epithelial height and showed no histopathological changes when compared to the control (-ve) group.
DISCUSSION
Hypothyroidism is a metabolic disorder which is proved biochemically by the significant decrease in the serum levels of triiodothyronine and thyroxine (Amara, et al., 2010). The correlated findings of thyroid histopathology and thyroid hormone imbalance show a hypothyroidism by a great decrease in serum FT4 and FT3 levels. The increased serum TSH levels, thyroid weights and the thyroid hyperplasia are consistent with a consequent stimulation of pituitary cells. The enlargements in thyroid weights in this study (Table 2) 
, who found the addition of Se to diet had a partial recovery occurred in body and thyroid gland weights and plasma TSH levels of both mothers and pups. Furthermore, Rasmussen, et al., (2011) who showed an inverse relationship between the serum Se concentration and the volume of the thyroid gland, reported that Se supplementation found to be significantly associated with thyroid volume regression in autoimmune thyroiditis.
In the present study, PTU treated rats showed hypothyroidism. The mechanism for this response is an increase in TSH levels due to a decrease in the production of thyroid hormone FT4, FT3 (Sener, et al., 2006) . This was evidenced biochemically by reduction in serum thyroid hormone levels of FT4, FT3, TT3 and TT4 with increase in serum TSH level compared to the normal control rats. These results are in agreement with Rabeh and El-Ghandour, (2016) who found that PTU exposed rats showed significant decrease in serum T3 and T4 levels with significant increase in serum TSH level. deficiency results in a reduction in conversion of T4 to T3, and in turn T3 requires Zn to fulfill its biological activity.
Zinc-induced reduction in thyroid hormone could be due to its effects on deiodinase activity through its antioxidant properties (Vrca, et al., 2004) . Pekary, et al., (1991) extracted that Zn involves in T3 binding to its nuclear receptor. Napolitano, et al., (1990) found that, Zn application increased thymic functions and this in turn, improved thyroid functions influencing the pituitary-thyroid axis. Moreover, Zn status and serum TH levels were improved in goitrous patients after six months treatment with Zn supplementation (Kandhro, et al., 2009 ). Zinc supplementation improved thyroid function in nine patients with low Zn levels (Napolitano, et al., 1990 ). An attempt to link the low levels of TH and Zn is worthwhile. The metabolism of Zn and thyroid hormone are closely interlinked (Betsy, et al., 2013) who also reported that Zn deficiency may have contributed significantly to the development of HT. In a group of patients with low levels of FT3, normal T4 and mild to moderate Zn deficiency, taking oral Zn supplements for 12 months, normalized the serum FT3, TT3 and normalized TSH levels (Nishiyama, et al., 1994) . On the other hand, suppression of T3 and T3/T4 was found in a study in which rats were supplemented with Zn chloride, due to a reduction in microsomal capacity to convert T4 to T3 (Moustafa, 2001) . The obtained results are not consistent with these reports. In the present study, Zn generally led to an increase in thyroid hormone levels. The discrepancy may be explained by differences in the manner, duration and type of Zn administration. In the present study PTU treated rats showed hypothyroidism with significant reduction in serum glutathione peroxidase concentration compared the normal rats as shown in Table3. These results are in harmony with Rabeh and El-Ghandour, (2016) who found that, there was a significant decrease in the concentration of GPx as a result of PTU injection, compared with (-ve) control group. Antioxidants treatments might be helpful in reducing the oxidative damage due to hypothyroidism (Erdamar, et al., 2008) . The obtained results demonstrated that, supplementation with Se and/or Zn in the diet caused a significant increase in serum GPx concentration compared to HT rats. Thomson, et al., (2011) demonstrated a significant increase in plasma Se and whole blood GPx activity with a daily supplementation of 100 µg L-selenomethionine for 12wk. Mazokopakis and Chatzipavlidou, (2007) suggested the one possible explanation for these findings. This may be due to the increase in GPx and thioredoxin reductase activity, as well as the decrease in toxic concentrations of hydrogen peroxide and lipid hydroperoxides which result from TH synthesis. The obtained results showed that diet supplementation with zinc caused a significant increase in serum GPx concentration compared to HT rats. These are in harmony with Rabeh and El-Ghandour, (2016) who found that, the level of GPx was significantly increased in group fed on Zn supplementations compared with HT rats. And also reported that, supplementation with antioxidant Zn was able to support the activities of antioxidant enzymes during hypothyroid leading to delay the development of oxidative disease.
The biochemical results confirmed the histopathological aspects of the thyroid glands. In the present study it was observed histopathological changes in the thyroid gland of PTU-treated rats. There were characterized by follicular cell hyperplasia suggestive of an enhanced thyroid activity, an increase in follicular number and vascularity and a decrease in colloid. Hypothyroidism was proved histopathologicaly by the large follicles over distended with colloid with minimal scalloping and lined with flattened cells, the degenerated follicular cells and loss of microvilli (El-Mehi and Amin, 2012). The thyroid gland is the only organ involved in T4 synthesis (Kelly, 2000) . The decrease of this hormone level in the serum of the PTU injected rats, may suggest that PTU influences the production and/or secretion of T4 by follicular cells. That might be related to structural damage of thyroid follicular cells due to accumulation of PTU in the thyroid gland. The results of Badiei, et al., (2009) and El-Mehi and Amin, (2012) support this view as it showed lead induced apoptotic changes of thyroid follicular cells.The obtained results indicated that the effect of selenium supplementation improved histopathological examination of thyroid gland. These are in harmony with those of Amara, et al., (2010) who found that Se supplementation improved the histopathological features of the thyroid gland. Evidenced by its return to normal aspects in which the phenomena of proliferation and cell death must have been involved. However, highest TH plasma levels occurred in (methimazole + Se) group, exerting a negative feedback on the pituitary which reduced TSH levels. Restoring iodide, after selenium supplementation to diet, reduced the hypertrophy of follicle epithelial cells and increased the colloidal volume. In a more complex study with combined Se, iodine and Zn deficiencies, there was an interaction between Se and Zn deficiencies on thyroid follicle cell architecture, which was compatible with apoptosis (Ruz, et al.‚ 1999). Selenium supplementation improves the ultrasound structure of the thyroid gland (Drutel, et al.‚2013).
CONCLUSION
It could be suggested that Zn and Se at the tested levels and its mixture could be used as a suitable supplementation therapy for hypothyroid patients. It is important to assess the selenium and zinc status of the individual patients prior to Se and Zn supplementation and at regular intervals while on treatment. Inorganic forms of selenium (i.e., sodium selenite and sodium selenate) may be toxic at high doses so, the organic forms are recommended.
